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1DQRJUDLQHG PDWHULDOV H[KLELW VXSHULRU SK\VLFDO FKHPLFDO DQG PHFKDQLFDO SURSHUWLHV WR FRQYHQWLRQDO FRDUVH
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 PXOWL SDVV UROOLQJ GUDZLQJ DQG PHWDO H[WUXVLRQ DUH LPSRVHG SODVWLF VWUDLQ RI JUHDWHU WKDQ  EXW PDWHULDOV
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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63' WHFKQLTXHV WR SURGXFHG XOWUD ILQH JUDLQHG PDWHULDOV LQ EXON PHWDO DQG
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DO @ FRQVWUDLQHG JURRYH SUHVVLQJ RU UHSHWLWLYH FRUUXJDWLRQ DQG VWUDLJKWHQLQJ 5&6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@DUH FDSDEOHRISURFHVVLQJVKHHWPDWHULDOV5&6SURFHVVZDVLQYHQWHGUHFHQWO\>6DWKHHVK.XPDUDQG5DJKX
@DQGLW LVSURPLVLQJPHWKRGIRUSURGXFLQJILQHJUDLQVKHHWPDWHULDO IRUVWUXFWXUDODSSOLFDWLRQV ,QWKH5&6
SURFHVVDZRUNSLHFHLVUHSHWLWLYHO\ EHQWDQGVWUDLJKWHQHGZLWKRXWVLJQLILFDQWO\FKDQJLQJWKHFURVVVHFWLRQJHRPHWU\
RIWKHZRUNSLHFHGXULQJZKLFKODUJHSODVWLFVWUDLQVDUHLPSDUWHGLQWRWKHPDWHULDOVZKLFKOHDGVWRWKHUHILQHPHQWRI
PLFURVWUXFWXUH  $OWKRXJK PDQ\ UHVHDUFKHUV ZRUNHG RQ 5&6 >$]XVKLPD HW DO@ EXW QRQH RI WKHP VWXG\
WKRURXJKO\RQSURFHVVSDUDPHWHUVVXFKDVVWUDLQUDWHQXPEHURISDVVHVDQGWKLFNQHVVRIWKHPHWDOSODWH+RZHYHU
DOXPLQXP DOOR\V DUH QRW VXIILFLHQWO\ VWLII RU VWURQJ IRU PDQ\ SXUSRVHV DQG WKHLU UHLQIRUFHPHQW LV QHFHVVDU\
$OXPLQXPEDVHGPHWDOPDWUL[FRPSRVLWHV 00&VDUHRXWVWDQGLQJIRUDSSOLFDWLRQVRZLQJ WR WKHKLJKGXFWLOLW\RI
WKHPDWUL[DQGWKHKLJKVWUHQJWKRIWKHKDUGUHLQIRUFLQJSKDVHV8QIRUWXQDWHO\VXFKPDWHULDOVDUHGLIILFXOW WRIRUP
GXHWRWKHLULQWULQVLFSRRUGXFWLOLW\FDXVHGE\WKHSUHVHQFHRIWKHXQGHIRUPDEOHUHLQIRUFLQJSKDVHSDUWLFOHV$OWKRXJK












WR PPXVHG DV UHLQIRUFHPHQW7KLVZDVPHOWHG DW &ZKLFK LV VOLJKWO\PRUH WKDQ&DERYH WKH OLTXLGXV




FOHV ZDV DGGHG DORQJ ZLWK WKH 6L& 7KH FRPSRVLWH PHOW ZDV WKRURXJKO\ VWLUUHG DQG VXEVHTXHQWO\ GHJDVVHG E\





)URP WKH SUHSDUHG FRPSRVLWHV SODWHV WKH VDPSOHV ZHUH PDGH ZLWK D ZLGWK RI  PP DQG OHQJWK  PP 7KH
VDPSOHVDUHWDNHQLQGLIIHUHQWWKLFNQHVVHVLHVDQGPPKDYLQJVDPHOHQJWKDQGZLGWKDIWHUPDFKLQLQJ
7KH$O00&VSODWHVZLWKDERYHGLPHQVLRQVZHUHSUHVVHGLQDFRUUXJDWHGDQGIODWGLHV WRSURGXFHXOWUDILQHJUDLQ
VWUXFWXUHV7KHVH VSHFLPHQVZHUH FRPSUHVVHGXVLQJ ILYHGLIIHUHQW VWUDLQ UDWHV LH    DQGPPPLQ
KHDW WUHDWPHQW GXUDWLRQ RI     DQG  KRXUV DQG RQH WR VHYHQ SDVVHV RI F\FOHVZHUH FRPSDUHGZLWK DV FDVW
VSHFLPHQV
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WKHVH YDOXHV QXPEHU RI SHUPXWDWLRQV ZRXOG EH  H[SHULPHQWV 7KH IUDFWLRQDO IDFWRULDO GHVLJQ UHGXFHG WKH
QXPEHU RI H[SHULPHQWV WR WZHQW\ ILYH 7ZHQW\ ILYH GLIIHUHQW H[SHULPHQWV ZHUH SHUIRUPHG XVLQJ WKH GHVLJQ
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)LJ VKRZV WKH PHDQ XOWLPDWH WHQVLOH VWUHQJWK UHVSRQVHV JUDSKLFDOO\ ,W LV VHHQ WKDW IRU VSHFLILHG FRQGLWLRQV
QXPEHURISDVVHVDQGWKHZWRI6L&KDYHKLJKVLJQLILFDQWHIIHFWVIROORZHGE\VWUDLQUDWH 'XULQJKHDWWUHDWPHQW
KDYH VPDOO HIIHFWV DQG WKLFNQHVV RI WKH VDPSOH VKRZV QR VLJQLILFDQW HIIHFW RQ876 7KH JUDSKV FRQFOXGHG WKDW
QXPEHURISDVVHVDQGZWRI6L&KDYHUDQNDQGUDQNUHVSHFWLYHO\DQGIROORZHGE\KHDWWUHDWPHQWUDQN
VWUDLQ UDWH UDQN  DQG WKLFNQHVV RI WKH VDPSOH UDQN   3DUDPHWHU GHVLJQ LV DQ DQDO\VLV WRRO WKDW DOORZV WKH
VHOHFWLRQRI RSWLPXP OHYHOV IRU WKHJLYHQ H[SHULPHQWDO YDULDEOHV ,Q WKLV VWXG\ WKHZWRI6L&DQGQXPEHURI
SDVVHVFRPELQDWLRQV WKDW SURGXFHRSWLPDO WHQVLOHSHUIRUPDQFHDUH LGHQWLILHGXVLQJSDUDPHWHUGHVLJQ  ,W LVHDV\ WR
ILQG WKHRSWLPDOFRPELQDWLRQRI IDFWRU OHYHOVQHFHVVDU\ WRDFKLHYHSHDNVWUHQJWKYDOXHV PD[LPLVH876 6L&
ZWVWUDLQUDWHPPPLQQXPEHURISDVVHVWKLFNQHVVPPDQGGXUDWLRQRIKHDWWUHDWPHQWKRXUV
 (IIHFWRILQGLYLGXDOIDFWRUV0DLQIDFWRUVRQ 'XFWLOLW\




VWUDLQUDWHUHGXFHVWKHGXFWLOLW\ 1XPEHURISDVVHVDQGKHDWWUHDWPHQWDOVRWKRXJK OLWWOH LQIOXHQFHRQGXFWLOLW\EXW



















RI$O6L&00&V ,Q \ GLUHFWLRQ WKH FRORXU GHQVLW\ YDULDWLRQ FRXOG EH VHHQ OHDVW KHQFH QR FRQWULEXWLRQ FRXOG EH
VHHQ)LJVKRZVWKHFRORXUFRPELQDWLRQRIFRPELQHGHIIHFWRIVWUDLQUDWHDQGKHDWWUHDWPHQWGXUDWLRQRQWKH876
RI FRPSRVLWHV 7KH &RPELQHG FRPELQDWLRQ LV LUUHJXODU DQG SDWFKHV OLNH VWUXFWXUHV  $OWKRXJK KHDW WUHDWPHQW
FRQWULEXWLRQLVVHHQLQLQGLYLGXDOIDFWRUEXWQRFRQWULEXWLRQRIVWUDLQUDWHLVVHHQ+HQFHWKHLQWHUDFWLRQRIVWUDLQUDWH
DQGKHDWWUHDWPHQWXQSUHGLFWDEOH


















)LJ QXPEHURISDVVHVDQGKHDWWUHDWPHQWGXUDWLRQRQ 876 )LJ WKLFNQHVVDQGKHDWWUHDWPHQW RQ876
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)LJVKRZVWKHFRORXUFRPELQDWLRQRIFRPELQHGHIIHFWRIQXPEHURISDVVHVDQGWKLFNQHVVRI00&VRQ8767KH
FRORXUGHQVLW\GLVWULEXWLRQDORQJ\D[LVQXPEHURISDVVHVOLQHDUO\GLVWULEXWHGDQGDOVRKLJKGHQVLW\FDQDOVREHVHHQ
LQ WKLV GLUHFWLRQ ,W LV HYLGHQFH QXPEHU RI SDVVHV LV KLJKO\ LQIOXHQFH RQ 876 RI FRPSRVLWHV %XW LQ [ GLUHFWLRQ













HIIHFW VWUDLQ UDWH DQG QXPEHU RI SDVVHV RQ GXFWLOLW\ RI $O6L& 00&V 7KH VWUDLQ UDWH LQYHUVHO\ FRQWULEXWHV RQ
GXFWLOLW\GXH WRPRUHQXPEHURIFRORXUFRPELQDWLRQVDORQJ\GLUHFWLRQ7KHQXPEHURISDVVHVKDVSRVLWLYH  OHDVW
FRQWULEXWLRQRQGXFWLOLW\RI00&V)LJ VKRZV LQWHUDFWLRQRIERWK VWUDLQ UDWHDQG WKLFNQHVVRQ WKHGXFWLOLW\RI
$O6L&00&V2QO\FRORUEDQGVDUHFKDQJHGDORQJ\GLUHFWLRQVWUDLQUDWHQRWLQ[GLUHFWLRQ,WPHDQVWKHVWUDLQ
UDWHQHJDWLYHLQIOXHQFHRQGXFWLOLW\EXWWKLFNQHVVKDVQRLQIOXHQFHRQGXFWLOLW\RI00&V)LJVKRZVFRPELQHG
HIIHFW VWUDLQ UDWH DQG QXPEHU RI SDVVHV RQ GXFWLOLW\ RI $O6L& 00&V 7KH VWUDLQ UDWH LQYHUVHO\ FRQWULEXWHV RQ
GXFWLOLW\GXH WRPRUHQXPEHURIFRORXUFRPELQDWLRQVDORQJ\GLUHFWLRQ7KHQXPEHURISDVVHVKDVSRVLWLYH  OHDVW
FRQWULEXWLRQRQGXFWLOLW\RI00&V)LJ VKRZV LQWHUDFWLRQRIERWK VWUDLQ UDWHDQG WKLFNQHVVRQ WKHGXFWLOLW\RI
$O6L&00&V2QO\FRORXUEDQGVDUHFKDQJHGDORQJ\GLUHFWLRQVWUDLQUDWHQRWLQ[GLUHFWLRQ,WPHDQVWKHVWUDLQ
UDWH QHJDWLYH LQIOXHQFH RQ GXFWLOLW\ EXW WKLFNQHVV KDV QR LQIOXHQFH RQ GXFWLOLW\ RI 00&V )LJ  VKRZV WKH
FRPELQHG HIIHFW RI VWUDLQ UDWH DQG KHDW WUHDWPHQW RQ GXFWLOLW\ RI $O6L&00&V 7KH JRRG FRQWULEXWLRQ RI KHDW
WUHDWPHQW FRXOG EH VHHQ DW  KRXU KHDW WUHDWPHQW DW ORZHU VWUDLQ UDWH ,Q WKLV FRPELQDWLRQ DOVR VKRZV VWUDLQ UDWH
QHJDWLYHFRQWULEXWLRQRQGXFWLOLW\7KHFRORXUGHQVLW\FRPELQDWLRQ RIQXPEHURISDVVHVDQGWKLFNQHVVLVVKRZQLQ
)LJ7KLFNQHVVRIWKHVSHFLPHQDQGQXPEHURISDVVHVKDYHVPDOOFRQWULEXWLRQWRZDUGVLPSURYHPHQWRIGXFWLOLW\
RI00&V 7KHPP WKLFNQHVVDWSDVVDQGPP WKLFNDWSDVVHV VKRZVPD[LPXPFRQWULEXWLRQRQGXFWLOLW\
$O6L& 00&V $ VLPLODU WUHQG FDQ EH VHHQ EHWZHHQ QXPEHU RI SDVVHV DQG KHDW WUHDWPHQW EHFDXVH RI OHDVW
FRQWULEXWLRQRIERWKIDFWRUVRQGXFWLOLW\RIFRPSRVLWHV+HDWWUHDWPHQWGXUDWLRQRIKRXUVFRQWULEXWHPRUHIRURQH
SDVVDQGKRXUFRQWULEXWH IRUSDVVHVDQGKRXUFRQWULEXWH IRUSDVVHVDQGVRRQDV VKRZQ LQ)LJ/DVWO\
FRQWRXUSORWRIGXFWLOLW\YV WKLFNQHVVDQGKHDW WUHDWPHQWRI$O6L&00&VDVVKRZQLQ)LJ  ,W LVDOVR VKRZV
PD[LPXP SDWFKHV EXW QRW FRORXU EDQGV KHQFH QR FRPELQHG HIIHFW RQ GXFWLOLW\ RI 00&V FDQ EH VHHQ  RQO\
PD[LPXPFRQWULEXWLRQRIKHDWWUHDWPHQWDQGWKLFNQHVVFDQEHVHHQKRXUVDQGPPWKLFNQHVVUHVSHFWLYHO\
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WR LPSURYH WKH SURSHUWLHV RI$O6L& FRPSRVLWHV IRU VXSSRUWPDQXIDFWXUH  7KH VHFRQG RQH LV HDV\ WR SUHGLFW WKH
YDOXHVRI876DQGGXFWLOLW\ZLWKDQ\JLYHQLQSXWV2QWKHRWKHUKDQGH[SHULPHQWVVKRZWKDW6L&FRQFHQWUDWLRQDQG





(VWULQ < 0RORWQLNRY $ 'DYLHV &+- /DSRYRN 5 6WUDLQ JUDGLHQW SODVWLFLW\ PRGHOOLQJ RI KLJK SUHVVXUH WRUVLRQ - 0HFK3K\V 6ROLGV
±






0F.HQ]LH 3:- /DSRYRN5(VWULQ<7KH LQIOXHQFH RI EDFN SUHVVXUH RQ(&$3SURFHVVHG$$PRGHOLQJ DQG H[SHULPHQW$FWD0DWHU
±








9DOLHY 5= .R]ORY (9 ,YDQRY <) /LDQ - 1D]DURY $$ %DXGHOHW %'HIRUPDWLRQ HKDYLRXU RI XOWUDILQH JUDLQHG FRSSHU$FWD0HWDOO0DWHU
±
;X&= :DQJ4-=KHQJ06=KX-:/L-'+XDQJ04HWDO0LFURVWUXFWXUHDQGSURSHUWLHVRIXOWUDILQHJUDLQ&X±&UDOOR\SUHSDUHGE\HTXDO
FKDQQHODQJXODUSUHVVLQJ0DWHU6FL(QJ$±
